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[ASM] 

^71^ £#o] ojjol ^Z^-g; ^tg« ^ 

tt^* 3>^r 7>#Al^ ^ ol^-^i, Aj. 7) o]-g- 

i^i^ ^l^M, °l£r B J°l ^7fl2l ^£*oj ^ 

= , <#7] nsl^sf -S^-sjol Xl-fi-^, # 7 j ZLS]^^ Il^^*o]l cfl-§-sfe ^ 

£ 1 

f^«, ^e]5L, au^l, oi^j, o jA> q- > ^zj.. 
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W141 

Ir-^U-a 0 l-g-4 ^444{ Etching apparatus using neutral beam} 
[24^ 4#tr 4^1 

2 1* 4 <a 4*HH1 4^ ^MJ* oj-g-^ 44#*lS 7fl^2)^ 

a 44hH 5i4°14. 

£ 2-b .£ 1*1144 ol^-ai iiif 7fl^=a|AS 444 442°14. 
S 3£- JE 1°1H<>} 7flSf^ 444 A>Al£ol4. 

2 4 4«34 oj 444H ^-g-tb ^144714-8: 44^fe 442°14. 

» 44^ rLEflio)cf. 

2 64 4 Dr^e] 1 4*HH 44 44*114 °d44-§- 414<^ 4443} 

1- 4*34 14 4444°ti cfltr °1444424 44» 444 ^lh]15L°14. 

£ 74 4 my U 44<-iHl 44 44^4 4*84 14 4414<H1 cfl 
4 ^4424 44» 444 nefls^l4. 

2. 84 4 4*34 AjAl^oil rij-s}. 444^4 4*54 14 43^444 
ofl cfl*l Aiq. ^j^o] sem 44°14. 

* 244 44<i 44 4:£4 ^ 

10 ; °14i_£.i: 12 ; 

23-4 



1020010073880 #^ 2002/1/15 

14 ; zle]^ 14a ; ^ielH.# 
40 ; 42 ; 

30 ; ^S^lft 32 ; 
34 ; ^Av\^3.%- 

i+i^iE^ sK^i^m jf-^s-j&s. ^ si^ <n 2^**1 

^H*! ^KlS^l x^Sr #^$\o] o.25 w °l*r^ ^31 ^(Critical 
Dimension) 7} ja.^s)7H M-i^l^-g- ^^l^r* ^ 

^ ^JzHhti]^ ji^h »2f^KHigh Density Plasma) ^^Mh^l, 
^ol^ ^zHh*l (Reactive Ion Etcher )^ o)£- 7j-^ ^ zf^l 7} ^3. A r *3 

Artful *M #«#<H1 ^1-^71 tiV^l7]*om ole^tt # 

33, ^H^l}. 
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<17> ^ ^oj, ^o.^, o]e^ o]^§4 ^#£l^r 7]^ 

«f| 4^5)^ ^(dangling bond) J^. ^7l£ ^-tf. o] ^ 

* ^1*1 £#<q *49*?loi 3715= 

(charging)*!! 7l««r ( notching)^ St\^ #71*) o> 7 l 

Al^lcf. aft, oie^V i-Bl^, ^7la) ^oijqdjs. «i>j #^ofl 

CF^l #-g-7 r ^« A>-g-^f^ ^-f C-F tfV-g-7"^^ 

ego] ^Agsly]^ 

<18> m-Bf^J, 14*1*1 1H * #S*|4i*M W\ °]*Wt °1*4| ^7] 

3 ^7>o] Als)^ 7^H7lJl l4o>7> #^Al7l±f- ^ojo] ^7] 

*M 3** US* 7fl^^l *V£*I1 ^3-3*1 9! ^zfU-^^l iflft 7m°i 

<i9> ole^ 7>£tfl, ^,wl,^.^a.(D.B.0akes)^l 'Selective, 

Anisotropic and Damage-Free Si02 Etching with a Hyper thermal Atomic Beam' 0 ]] 
*\ 4<S^ «^r«* *»?>*KiI 5U*-*1, ^Ml 

-PrW}^] (Takashi Yunogami)*! fe-g; ' Development of neutral-beam- 

assisted etcher* (J. Vac. Sci. Techno 1. A 13(3), May/June, 1995HH ^SMe!^ 
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jl $X°-*\, "S.^ol.Jl^auiCM.J.Goeckner)^ 'Reduction of 

Residual Charge in Surface-Neutralization -Based Beams'(1997 2nd 
International Symposium on Plasma Process- Induced Damage. May 13-14, 
Monterey, CA.)°1H ter24 tflAiofl a\-<£ f^jwiofl cHtt 

<20> rtsiq-, #7] -fo] *HSHr 7l££ SAB 

S. ^7laj ^.<g £ aj^. ^o.^. ^s]x]*} cflS^SHI <^ 

jflo.^, #7] -fr^7)-n)*) ^o] *)]o>^. 7 ]#* rfl^2}^-7> ^4=1 £ £ 

igoj] w o V*^ 2:*H 0^37 o)£-«] ^ 7 }^o] HCffe ^o] 

^-8: =f ^-S^] 3*r3 ^M^S 91^ f^d^ If 

*l^J!7r *r^r 7l#^ n^ll 

<21> -g- ^"^^ S-^^r, ^-g- y£$& f^iaj o. A)-§-^Jl 

jg.*) ^71^ #Bl^ ^AJ-O] £0] AlZ^),g- ^*}- ^ ^AJ- ^ rfl^^Sl 

^zr^l» *H^*Rr c-fl 014. 
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<22> g ^ ^11- iLtf ^fAS«] ^7> 

<23> ,& uv^^ £c ).a -=-3^, ^>^s>ji ^Ajuje} # 

^* °l^r«J* 7>#Al?J ^ flfc ol^^i, ^-71 

^cjo)} ^l^, ol-Sr^ol #31-^ ^-^7)1^ ne)H.*ol <gA^ ^e) 

<25> S£ 7 \ «>A>S)|Sf ^Efloj*] Afolofl^ elE}^ ZLS].E.7> ^ -g^SH lg O] 

WMfe 7}^5l» 4^ ##^7> ^^H, ^71 HUHfe T^j 
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<27> ^g, # 7 ) *4*H al*!*Hr °l£r«J<>l -8-71 iflofl 

*] a_U>E]£S. # 7] tiVA>s)]^i-^ oj^ajo] 31^1 ^ofl cfl^ z| £5 _ 

*fl*M <g;g$. zJ. £S ^A>7^ flT^- #7) #A>*|iJ|^M #7] ^A^lSl ^AlAjofl 
tfl«H 3g4«M| *§s§s\°) sa^, -*7l «V#^2l Sl^# ttfHl- #7l ##^-^1 # 

* ^ol7> Zl-SS ^A>7^ ol-g- ^ 014. 

<28> #71 ol^^-ife ^Efl^l °l^r4l^.i» A>-g-# ^ Hl-^-^l 

*>?llfe -fr^^ «-2}-2^} i5.it AV-g-tbrl-. #71 aVA>^lSl 7fl^^ «V£Sll7l 

°l*§^4i ££^r ^#7l^S °1^^ ^ $1^*1, #71 ^A>5flLfl£l tiVA>Sfl 

#21 i^ofl <yA>Sl^ ol^ajol ^Aj-Zl-ol 5°Lfl^l l 5 oo| sl^s. ^§ ^ 

<29> <£<3°11 4=^, °1^H* *M9*1«1 T 01^^.^ 3q^2}-7l^-^ 

# ^hI^-as^ ^^l si«H ^flTfl f ^ iZ^, °l» 

^21-^^.S A>^>71 nfl^^l #Efl ol^«Jo)l ^1=11 !Wl-«a 3)^21-71^1 rfltb # 
7H, #Sl^ ^#o] &oi q-^uiE^oi wy^^M tfl^- AlZl-^-^* -g-Ol^Tll 
=r $XSLV), cfl <g a} S). £ -g-°l*l-7ll £4. 
<30> a# ^-^o)l ofa.^, o)-£-4i-£.i2l :fcHl rtsl^Sf bVaI-^s. 

Ai^g t-^-S-tb ^l^slfe oi^si ¥## si-^SH AS #41* 

*B*1*1 «°J ^ 211 trfE}- f-a^si ^^^7} ^^*1 #7>SlJl, h>a>^1 
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5E 3£ .£ 1^ ttAfsflofl cflt!- AfAj^olcf. SL i-g. .g. ^tgo] <yel-i- ^Z}7] ^ 

<>l£«d-8- ^#*V^ 7>^A1 7 1J,, AJ-71 7> ^ oi^yj-g- «VAV^o,l «>A>Al^ # 
71 Ol^-fr f^UAS ^«rAl^l ^, A} 7] #Ajtflo] ^I^^S^H] 3Z)Alz}-7)£-g- 
^^lAl^ Aj-7) ^AjHj^ Aj-7] ^A.^^^AJ-^ #^-g- A» Z^fe ^ 

<34> AJ-7) ^ 7 >#^ °]-grlH fi) S|] «>A>^ JjL #Aj Bl O.^. £ 

i(D.B.Graves)*H 3)Sfl fe-g- 
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' Molecular dynamics simulations of Cl2 + impacts onto a chlorinated silicon 
surface: Energies and angles of the reflected CI2 and CI fragments' (J. Vac. 
Sci. Techno 1. A 17(5), Sep/Oct 1999H] ^>\^}JL , •& # 

S.S\o]!=L(C[)2\ (monolayer H t$q# ^&7]&-#*H Cl 2 + °l£r* "33] 

^A>zt ol^-o.S. °gA}A|?|^ ^ fl** Q^JL &o.v\, ^\7\ 85° 

<&*Wsl3, ci 2 S*H tfl*M ci 2 ci ^WS^ 

fit ^(Polar angle)^ (Azimuthal angle)A3. £Al*}j7 ^cf. a. 

^*^>s 3* ^ «a*r3 tfflzKE 0°<H1 

<35> £ ^-tg o- #71 5-71* StflS M-iinlEl^ «Vi^l^l-2l i^-g^dfl 

a.t)- a>^tb 2«2f ^ns. ^€?f El^E 3* #55H €■ 

<36> £ 1-g- #a*V^ , 01^^.^(10)^.^- El 1t A 8Q o]-2r^o] 

01*41^(10)^ $WRr nE| = (14) «a^^ 2]^* ^7ll 

fil zz.e)JEL^(14a)t- #4^: * ^>^l(40)vfl<i ^>^1*(42)S) a^6|) 

* #^«3^.S ^ s|^zr7l^-(20)o.5. «a^«H sl^Zf7l^:(20)#S] 

<37> #7l °l^^(10)fe Hl^-7fiS^-Ei ol <gHM*} ^ 51 

AS ^MHHfe- ^£3<ti(12H -frS^* °l7}^-o.SM] »el-a 
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<38> #71 61^5.^(10)21 J^cJJfofl^ ^tttl^HI 2l«fl ol^-Hj^. 7>#Al ^ 4 

XU-^. °1£ H J°1 4 1 Slfe ^7fl3l ZLeJ = *U4a)°l €* 

^Sl ZLel = (14)7> ^^-5l<H Satf. #71 nSlH(14)2l ^ <EMl-fe ZL 7>^>^ * 
44 ^°]S. ##«.7> ^S]<H ^Cf. 

<39> #7i ^e)H.(i4)2i ^oflfe <a43^ «1A>A1^ 

^l^fe *^(40)7> #7) ^Ul-^(40)Sl Tfl*}^ #;E*ti7l#, 

0 l-tl-^-Tf-4i SEfe ^71^-o.S. =>1^-<HS 4 1 Si-^, £4*11(40) vfl^l ^-A>^1^ 
(42)21 5.^^ol o]s ^ ^4. 

<40> ZLBl = *(14a)SSI #7l 44*H*(42)-&2l 2)3 

°1 £?14 ^ 3H -8-71 nejjs. (14)21 

^1 7>#7-Ve)l- n|-^ ^fltf* SlS.-^ -SM tiVA>^l(40)fe 

=LSi\ ^ia^-ofl l-#^7> ^ &4. rt&iq- ne)s.(14)2l- £4*11(14)21 ^ 

U^jflfe flSltb ?H1 £^3*1 »Jl =1 4^1, *S" ZL2l^(14)7> £A>*fl(40)°l| vfl 

4 tM§« ^ Si-^, «a^a}6] ^131 >Hl«7l^^ 444 

Til ^ sa^f. 

<4i> H >^-3)s>7llfe ^"71 ZLel=^-(14a)4 44*1)*(42)^ ^^^#6.5. ^4 

43-2-3. all ^1 El -H . ne|H.(14)2| l-#Jf ifl ^4 BVA>^1(40)21 #7l ##-f2l S>1 
^4<Hlfe 443. *H3€ 514. 
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<42> ftjg, #7) ^e)H.#(14a)«* 3^Rr °l£>tM # 7 J iftA^* 

(42) ifl«M ^>£)£^ #7l &A}4f-(42)t-«- ^l^- 1 ^ 1 ^ a);*) #*j=o)l tflsH ^ 
3$ ojcf. ^Jfla] o^fe, #71 £4*H«(42)#oj #7) <£4*)1 

(40)*fl<HH #71 Q*s-%2\ ^A>^l(40)fil f-^^ofl cfl«H 113$!: tJ4*1 
7)1 t 1 ^* *r 5614. ^S, #7] #a>J|*(42)#«1 # 7 ] alA>^ (40)^^1^-1 

#71 aVAVs)l(40)Sl f^ofl nfl^}^ <4tiM| *8#SW ja*.^, °Hc #71 # 
4*11(40)21 44 #7l #*> £°l7> 7f#4el« 44 4 

3.7)1 t^SH, ^£.(14)4 «VA>5fl(40)S- <Q$& z\5L3, 34*17)1 Sfl^ ^£ 

<43> #71 aVA^l(40)fe <?]4€ o]^«io)l <q3fl 3*fl 3 

T^TT 4^3*|-4. #71 44*fl(40)fe BVH.A1 O.3. ^4i=- 5J ^8r 4 

444 ^Efl, 4« *o] Wfl 44*1 ^EflS *H#€ <r "S^, # 

el^-g-21 aVS.3*)l7lJa-o]i_f 4.7] ^e)S-^-A)-olH.7> g.#o\} <gAj^) 7)^. 5£ fe ^ 

7)^o.S ^€ 544. 

<44> ^-71 44*ll*(42)Sl 7l*7lfe #7l ZlBlH*(14a)* ^"44 ^ *! ^1 

4fe °l^r B J^l 44*ll*(42)tlHH 44=1*1 °l-8r H J^l 1H=1*1 cgr£4 4 

4. £ ^HHH #7) 44^)1* (42) 2] 711-71 ^ 44^(42)21 vfl£4°)l oj# 
<a44°l alo] £ 5 »i|^| I5 0 ^^vfl7} sl^s. 4^44. 44, 4 
71 c-l^USl <y44°l ^o]£ 15°»}$14 314 «V#Slli(42)fil S4°)l tfl 

s><^ 4*14 1344 7)^0.3. 4 <344 0 ] 75°ifl^l 85 0< a* 2H^4. 
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<45> ^-7) ti>A].^(40)S.-?-El «VA]-E)<>| ^g ^AjHicq ^l^^S^-ofl 3)-^ 

^7l«-(20)ol nfl^l^nf. ^7] *mzi-7l#(20)g; "B^tt >£-g- 

^H^K^A^)^ oM^SM, ^^JTJ^O)] cfl^M 

<46> £ 4 ^ ^. ig-^o^ <3j AJaHH al-g-^- £ icq 2]^Z^7l^(20)* 

c^^s*], -g- 4 ^is.^ 4€- x>^s_s] i^sj-s. ^^ 7 ] ^t!- 

°14. £ 4» 1-2^, ^-£^71 ^-(30)^-011 2l^4#^f i (32)ol =L 
^e|^7)^Hl 3q>qz|#^^(32)AS.«) ^e|^-a:2)-4(Si0 2 )** ^3 

o\] 3.-g-f-§- ^cfl^^S. sflEl^^- i> 44^3(34) 0.5. 4-§"455l4. 

<47> g- A^^-fr aj-g-f-ofl floj^ ^7>>ife 4*3 7}ioll ^ 

&JI 3)^4*^3 Ajz^p^aL^Sl ^fl-ofl 44 444*1 Aj«»4 

«H 4"8-« 4 s #-&°14. ^E^* ^] 44fe 7^ ^ 5} SAJ.^. 

4* ^-144iai a}-§-^- ^ 5ao.ol, olnflo^ #-§-7^.5^ C l 2 , C1 2 /C 2 F 6> 
SiCl 4 , CCl 4 /0 2> SiCl 4 /0 2 7fiift 44 4447fl AV-g- 

*k ^ Si- 0 -*}, Al-fr ^44-fe- ^-9- ^&)^444°14 ^el^M-clEe^oicDj- cc_ fe 

^4i31 *M Cl 2 /SiCl 4 , C1 2 /CC1 4) C1 2 /CHC1 3 , 
Cl 2 /BCl 3 -8--£°fl 44 444*1 ^4°=l 4*« -§-g-°14. 
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<48> £ 5^ 4-§-*H ^fe f^efl 7l#jq- ^ ^s] «g ^ah<>|| 4^ 

ol^-fr^S* Sl^l t!-^. ^-^2?i^r RF^-i- AA 300 W, 400 W, 500 WS. s r 
-2, >L^Hl*(42)ol ^3g^o)l cfltl <a^« 5°S -g^r-H, #e(-^p> Hl-g-71-i 
3>1 SF 6 -B-^* 7 sccmilS. SrStfi.^, £ 5<*IH «M>4|« Aj-g-ij}. 3-?- ' 

reflect ion' S.7]^SX^. 

<49> £ 5S.*ft\ -& 4* Ai-g.*!- ^^lfe rf^^s). 7 >^^<a-^| 

€2}- t^r*ll« a}^^1 a^l^ofl ajsl-^ oj^^} ^ 

* 7>^Al?l7l ^afl 5. 13] ne)J=(14H ?l7l-5|^ 2] v] i>\v] , 

°)^^S.^r ^2l£-& RF#^-g- AA 300 W, 400 W, 500 WS. s> 

sl, ^\nmu2)s] ^3§^ofl cflti- °M\Am: 5°^ is°s. q-7i ^msiA. 

hi^v^ 15=0^ ^jgsi oi-^^^-a^ °m m-e^^ <& 
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<52> £. 7£r Hr^s) 2j -g^-HH n}^ >ft*Hl-S-°11 cflt!- 'S^zt-i- ^-elsl-^^ 

^S^^- RF^* 500 W5. sl-^^, ^^^(42)21 ^Jg^ofl tfl^. <yA}z}-i. 
5°^ 15°S. ^^s>^ji, l-el-^D> al-g-zViS^ SF 6 7\+$] -Pr^-g- 7 sccmiLS 

<53> £ 73.^ 7}4-£<$2] f7HI "^^Hl S-^ ^SSQ^ 

2] ^l^£7l- <?7}^-g- <y- ^ SJ^O-tH, ^Al-^o] z^J. goo} ^o. 7 y 15 oo] ^ 

hi*H ^^^£71- feTfl q-El-^cf. 7f#^i<a-2i ^7H) "4^ <f 

^ iJ^J^El #3^2} ^7>2f #?t^ ^ _Ojg. Ji^ 

<54> £. 8 ^r -g- ^2) ^ ^AjojH) tt}-5}. ^ E] -a^nl-.a. Alzj-^- AlZj-sfl^o)] tfl 

*}• ^A>^^>^nl^(SEM) ^o]cl-. ^SL^-Sr RF^aj-g- 500W3. ^A"), 
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